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I. INTRODUCTION
The reaction between formaldehyde and nitric acid, in which the acid is destroyed with the production of predominantly gaseous products, has been recognized as of great potential value in the processing of radioactive fuels, particularly during waste treatment. Laboratory studies of the reaction at Harwell and at Hanford have shown that a major fraction of the nitric acid can be readily removed from an acidic solution containing nitrates by the addition of formaldehyde. The process possesses the advantages of low chemical cost; recoverability of nitric acid; and, in the case of waste treatment, the production of a solution relatively low in inert salt concentration suitable for fission product recovery or ultimate disposal.
The primary purpose of the present study was to confirm and extend existing inform.ation on the application of the formaldehyde reaction to the destruction of nitric acid in Purex type waste (IWW) through operation of pilot plant scale apparatus. Operational behavior, formaldehyde utilization efficiency, and safety considerations were particular subjects of study. In addition, destruction of nitric acid in a Darex-type dissolver solution was investigated.
II. SUMMARY AND CONCLUSIONS
The continuous denitration of synthetic Purex IWW solution with formaldehyde was investigated in pilot plant scale equipment. The reaction proceeded smoothly and was easily controlled. The efficiency of formaldehyde utilization depended prim.arily on the temperature of the acid feed which was introduced at the top of a packed tower in which it contacted vapors from the reaction pot, A temperature approaching the boiling point is necessary for good efficiency. Over 95 per cent of the free acid may be removed at a feed ratio of 3. 1 moles of free acid per mole of formaldehyde while simultaneously reducing the IWW volume by a factor of three.
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Formaldehyde in the pot was completely destroyed during a holdup period of less than two hours. Whether the formaldehyde entry line terminated in the liquid or vapor phase was immaterial to the efficiency of the reaction, A residual product acidity of greater than 0. 3 molar free acid was required to prevent precipitation, but at the optimuna acidity precipitation did not occur until the IWW volume was reduced by a factor of greater than four. Addition of methanol appeared to cause a small increase in the amount of nitric acid destroyed per mole of formaldehj'do but its use in the type of system studied is not considered justifiable.
During special safety tests in which nitric acid and formaldehyde were mixed together and then heated, the maximum pressure developed increased with increasing formaldehyde concentration and with increasing nitric acid concentration up to five molar acid. At higher acid concentrations the reaction usually began before the mixture was heated and sufficiently high concentrations of formaldehyde to cause high pressures could not be accumulated. Pressures up to 4 7 inches of water were observed. With denitrated IWW-formaldehyde mixtures, a maximum pressure of 12,3 inches of water was observed from a solution containing 3, 3 molar free acid and 1, 7 molar formaldehyde. Although a slight pressurization of the process equipment can be brought about by maloperation, the hazards of the process should not cause undue concern, III, THEORY AND REVIEW
I
The reaction between formaldehyde and nitric acid has been extensively studied by workers in the British Atomic Energy Research Establish-(12 3) ment ' ' '. They reported the reaction could be represented by the stiochiometry: 4 HNO3 + HgCO -4 NO2 + CO2 + 3 H2O (8 to 16 M HNO3)
4 HNO3 + 3 HgCO = 4 NO + 3 COg + 5 H2O (2 to 8 M HNO3)
2 HNO3 + HgCO = 2 NO2 + HCOOH + H2O (< 2 M HNO3)
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Formic acid, produced in reaction (3), will also react with nitric acid in a manner analogous to equations (1) and (2), i. e.
2 HNO3 + HCOOH = 2 NO2 + CO2 + 2 H2O (8 to 16 M HNO3) (4) 2 HNO3 + 3 HCOOH = 2 NO + 3 CO2 + 4 H2O «8 M HNO3)
Equations (1) and (2), and (4) and (5) are linked by the reaction 2 HNO3 + NO = 3 NO2 + H2O (6) for which the equilibrium is displaced toward the right by increasing the nitric acid concentration and by raising the temperature.
The formaldehyde reaction rate has approximately a third order dependence on the nitric acid concentration and a 1,4 order dependence on the form^aldehyde concentration. At 100 C the reaction with eight molar nitric acid is almost instantaneous (k = 9, 1 x 10"'* liters , moles" , sec"-^).
An induction period of up to several hours may precede the reaction, particularly at low acid concentrations and temperatures, since the reaction mechanism seems to involve the nitrite ion. Existence of this induction period has caused fear that a large excess of formaldehyde might be accumulated under some conditions and a dangerous rapid reaction could result. The induction period can be reduced by adding nitrogen dioxide or nitrite ion. Ferric, uranyl, and other salts increase the rate of the reaction and decrease the induction period.
The formic acid reactions are approximately half as fast as the corresponding formaldehyde reactions. Methyl alcohol (present in commercial formaldehyde as a preservative) also reacts with nitric acid but much more slowly than formaldehyde.
The reaction of formaldehyde with synthetic Purex IWW was studied (4) by Barton '. Seventy per cent of the total nitrate could be destroyed at a feed ratio of four moles of total nitrate per mole of formaldehyde, or UNCLASSIFIED UNCLASSIFIED -5-HW-58587 80 per cent of the total nitrate could be destroyed at a total nitrate to formaldehyde mole ratio of two. Decontamination factors of greater than 10^ for rutheniuna and for gross fission products were found between the reaction pot and the recovered acid. The reaction proceeded smoothly and rapidly when the reactants were fed continuously to a reaction pot naaintained at greater than 80 C. The product could be concentrated by a factor of three or more before solids began to precipitate. A residence time of about one hour was found to be adequate unless a product acidity of less than 0. 5 molar was desired in which case a longer time was required.
IV. APPARATUS AND PROCEDURE
Description of Apparatus
The apparatus was a compromise between available existing equipment pieces and an optimum design based on the previous laboratory data. Special consideration was given to study of the potentially hazardous reaction under abnormal conditions. Figure 1 shows an equipm.ent flowsheet. The reactants were fed through controlling rotameters from head tanks to a reaction pot located inside a 30, 000-gallon containment tank for catastrophe control. Also in the large tank were a packed tower and equipment for removal of the product solution. Gases from the pot passed through the packed tower, where they contacted the feed acid, to a downdraft condenser, a backup acid absorber, and the stack.
The reaction pot was a 24-liter stainless steel vessel approximately twelve inches in diantieter. It had connections for a steam (or cooling) coil, an air sparger (for agitation), two formaldehyde inlets, water inlet, a temperature bulb, dip tubes, a three-inch safety head, a three-inch flange for the tower, a drain, and a central overflow pipe. For Runs 1-7 the pot overflow volume was 20 liters. For the remainder of the runs this volume was reduced to 8. 4 liters by shortening the overflow pipe.
The two formaldehyde feed lines entered the pot through its top. One extended just below the surface of the solution and the other ended in 
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HW-58587 the vapor space. Care was taken to ensure a free flow path from the formaldehyde control valve to the pot so as to avoid surges in the formaldehyde flow rate. A pot-pressure-actuated solenoid valve capable of closing the formaldehyde feed line within three seconds in event the pot pressure exceeded three psig was also provided as a safety factor but was never actuated.
The acid feed, which entered the system at the top of the packed tower, was heated by means of variac-regulated electrical heating elements lying along a three-foot section of the feed line.
A 43 psi aluminum safety disc, protected internally by a Teflon (a duPont product) film, was initially installed in the safety head for the first tests of pressure buildup due to abnormal operations. It corroded through after Run 2 and was replaced by a stainless steel safety disc. After Run 7, this was replaced by a blank when a pinhole, probably caused by rough handling, was discovered in the safety disc and subsequent runs were made without safety head protection.
The product solution flowed through a cooler to an overflow vessel which was vented to the atmosphere. From the overflow vessel it was transferred by an air jet to a cyclone separator from which the solution flowed through a conductivity meter to a receiver tank. The reaction pot could be drained by the same air jet used to remove product solution. For batch experiments, temporary piping was added to allow sampling of the pot via the drain line and recirculation from the cyclone through the conductivity meter back to the pot via the normal acid feed inlet point.
The packed tower originally was a two-foot length of three-inchdiameter pipe packed with 1/4-inch stainless steel rings. After Run 3, the packing was replaced with 1/2-inch rings because of high pressure drop in the tower. The change did not correct the difficulty however, and after Run 7 more extensive changes to the tower were made. The tower was replaced by a four-inch pipe and packed with 1/2-inch procelain Intalox saddles. The packing was continued six inches above the four-inch UNCLASSIFIED UNCLASSIFIED -8-
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pipe into a three-inch diameter section to give a total packed height of 2-1/2 feet. At the same time the packing support, a 2-1/2 inch-diameter section of 3/16-inch mesh screen tacked to a stainless steel plate, was replaced by a cone-shaped screen with a maximum, opening of 3-1/2 inches. Following these modifications the pressure drop across the tower was normally less than one inch of water. Following Run 15, the acid entry point was raised and the tower was packed to an additional height of 2-1/2 feet in the three-inch vapor line (total packed height = five feet). The acid feed distributor consisted of a splash plate inside a short length of 1-1/2-inch pipe.
Vapors from the tower passed via a vapor line to a downdraft condenser and a bubble-cap absorber:. The vapor line was insulated to prevent condensation and reflux of nitric acid prior to the condenser. The condenser was a five-foot length of six-inch pipe inside of which was a cooling cxjil of 1/2-inch pipe (50 turns) around a core of three-inch pipe (17 square feet). The vapor space was packed with 1/4-inch stainless steel rings. Air, for oxidation of NO, and water for improved scrubbing were metered into the vapor inlet of the condenser. The absorber, incorporated mainly to prevent excessive spread of fumes to the atmosphere, was six inches in diameter. It had four trays with one three-inch bubble-cap per tray and two-foot tray spacing.
Temperatures indicated on Figure 1 were measured with ironconstantan thermocouples welded into stainless steel wells. With this method of construction thermocouples in contact with hot acid were subject to failure because of porous welds. The reaction pot temperature was also measured by a Taylor mercury bulb temperature recorder-controller calibrated to cover the range 90 to 115 C. Steam to the reaction pot coil was controlled by means of this latter instrument.
The pot pressure was measured through Republic differential pressure transmitters and recorded on a dual-pen Foxboro pressure recorder. The two pens were calibrated to record the ranges 0 to 30 inches of water UNCLASSIFIED UNCLASSIFIED -9-HW-58587 and 1 to 15 psi. The maximum rate of pressure change encountered was of the order of 10 inches of water per second, which was within the response limits of the recorder.
The conductivity cell was a seven-inch length of polyethylene, 1/4-inch inside diameter, with two 0. 2-by 0. 2-inch platinum electrodes oriented parallel to the line of flow and spaced 3-1/4 inches apart. The resistance was measured on an Industrial Instruments Conductivity Bridge, Model RC 16B1, using 1000 cps input and a 0. 1 mf external capacitor. The cell and bridge were provided by the Process Control Development Operation.
Materials
The formaldehyde used was the common commercial grade methanolstabilized 37 per cent solution. It analyzed 13. 5 molar formaldehyde and 10. 5 per cent methanol. For Run 18, the composition was altered by the addition of 1. 2 liters of reagent grade methanol to eight liters of formaldehyde to increase the methanol concentration to approximately 20 per cent.
The synthetic Purex IWW acid feed was made up to approximate the target composition given below. Laboratory analyses for specific components used in subsequent calculations are also given; analyses for the other components were not performed. Batches two and three contained a small amount of free-settling sediment contributed by the technical grade ferric sulfate used to provide the ferric ion. It is unlikely the differences in composition would materially affect the application of the results to similar solutions. During normal operation readings of tank liquid levels; product conductivity; and product, condensate, and absorbate specific gravity were made at half-hour intervals. Runs were continued for at least two hours after the conductivity readings became constant. Samples of the flowing streams taken during this period were used for subsequent calculations.
Free acid, sodium, total nitrate, and formaldehyde concentrations were normally determined in the product stream and the total nitrate concentration was determined in the condensate and absorber acid.
The normal startup procedure was as follows:
1. Check head tanks to determine that no large amount of either reactant had leaked to the reaction pot and that sufficient feed was available for the run. Shutdown normally consisted merely of stopping the reactants and then all other flows to the equipment and recording the head tank liquid levels. After some runs a simmer period of up to an hour at 95 C was allowed after shutting off the reactants to determine whether a longer holdup time in the pot would have had any effect on the overflow composition.
V. DISCUSSION OF RE SULTS
The major portion of the studies was directed at the continuous destruction of nitric acid in synthetic Purex IWW solution. Other tests included batch destruction of nitric acid in the Purex IWW and in Darex dissolver solution and attempts to pressurize the system by deliverately initiating an abnormally rapid reaction. Results of the continuous runs are given in Table I and of the pressurization tests in Table II .
Continuous IWW Denitration
Results of the continuous runs are tabulated in Table I, The most pronounced effect noted is the strong dependence of efficiency on the temperature of the acid feed. The efficiency of formaldehyde utilization is measured by the closeness of approach to the line representing four moles of nitric acid destroyed per mole of formaldehyde reacted -characteristic of the stoichiometry in the presence of 8 to 16 M HNO3. Minor discrepancies between the two figures arise from the fact that points in Figure 2 were calculated from total nitrate analyses whereas those in Figure 3 were calculated from free acid analyses. Both figures confirm that a high feed temperature is desirable. 
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The effect of feed temperature is primarily a reflection of the effect of temperature on the reaction in the packed tower:
3 NO" + HoO, » = 2 HNO", . + NO + 9. 280 Kcal. 2 2 (g) 3(g) A high temperature shifts the equilibrium to promote the reaction of NO (characteristic of the less efficient formaldehyde reaction. Equation 2) with nitric acid to form NO2 (characteristic of the more efficient reaction, Equation 1); thus, effectively increasing formaldehyde utilization. The formaldehyde utilization efficiency which would be observed if the vapors from the top of the packed tower were in equilibrium with the feed acid at the temperature of the feed, was calculated theoretically for nitric acid solutions with no added salts. The calculations are outlined in the Apppendix and the results are shown in Figure 4 . The strong effect of feed temperature is evident.
Deviations of the experimental data from the curves shown in Figure 4 are due to several competing causes. The presence of salts in the feed acid increases the relative volatility of nitric acid from a solution of a given acid concentration and shifts the effective feed composition to a higher acidity. The fact that the tower is of finite length and is not perfectly efficient naturally should cause the experimental efficiency to be lower than that calculated because of incomplete attainment of the equilibrium. Attainment of efficiencies higher than those calculated theoretically is attributed primarily to the normal operational procedure of evaporating water from the reaction pot simultaneously with the reaction. Although an increase in the partial pressure of water vapor should promote the formation of NO (lower efficiency), rather than NO^ apparently the effective tower temperature was raised sufficiently by an increased boilup rate to more than compensate for the adverse effect of water vapor on the equilibrium.
The effect of increasing the tower height reflects the degree to which equilibrium at the top of the tower was approached. Runs 16 and 17 with a packed height of 5. 0 feet were more efficient than Run 15 with a 
HW-58587
height of 2. 5 feet under otherwise similar conditions, but the difference in formaldehyde utilized was only about 10 per cent. The tendency for the points at high nitrate to formaldehyde feed ratios to approach the 4:1 ratio more closely than those at lower feed ratios suggests the tower was adequate to achieve essentially equilibrium, conditions when the oxide vapors from the pot were predominantly NOg but that it was incapable of completing the conversion of NO to NOo by the nitric acid reaction when the vapors were mainly NO, Although a taller tower would probably be a little more efficient than those used, the formaldehyde savings to be anticipated through its use are not great. Another reason for lower efficiencies at the lower feed ratios is the possible formation of NgO or Ng rather than NO and NO^ under the stronger reducing conditions present at low feed ratios. The reaction gases were not analyzed to check for these products.
The holdup time required to complete the pot reaction, even at a residual acidity of less than 0. 1 molar, is less than two hours. The most severe conditions investigated in the present experiments were Runs 10 (0. 8 M residual acidity at 1. 1 hours holdup) and 16 (0, 1 M residual acidity at 2. 1 hours). Essentially no formaldehyde remained in the product in either of these runs. The absence of residual formaldehyde or formic acid is confirmed by the absence of further reduction of nitrate in the product during an additional simmer period of up to one hour. Only in Run 9 in which the product was reduced to zero free acid was a significant amount of formaldehyde left in the product, A holdup time of one to two hours (based on overflow rate) corresponds to a sufficiently small vessel that the equipment changes necessary for investigation of shorter holdup times was judged not worthwhile in the present series. A baffle in the liquid phase between the overflow point and the feed inlets, while not present in the pilot plant reaction pot, would decrease the likelihood of by-passing unreacted formaldehyde to the product.
(5) Workers at ORNL^ ' have reported that nitric acid will react with nnethanol, as with formaldehyde, but at a slower rate. Since methanol would HW-58587 be a cheaper reductant than formaldehyde, one experiment. Run 18, was carried out in which the concentration of methanol in the formaldehyde was increased from 10. 5 per cent to 20 per cent. A small increase in the amount of nitrate destroyed (about five per cent) may have resulted, but it was too little to warrant the extra effort and hazard associated with adding methanol. The excess nitrate destroyed corresponded to less than 0. 7 mole per mole of methanol fed. A final acidity of about 0. 5 M and an overflow volume of 33 per cent of the initial feed volunae (for the IWW composition used in these experiments) appear to be reasonable product objectives. Differences in the salt content of the IWW would be reflected in the allowable degree of concentration, but the optimum free acid concentration from the standpoint of solids precipitation would probably be about 0. 5 M regardless of salt composition, A major fraction of the nitric acid destroyed was recovered in the condenser. Figure 5 shows the relationship between acid recovery and condensate concentration achieved with the pilot plant condenser. Three runs in which less than the stoichiometric air requirement was added showed poorer than average acid recovery. Stoichiometric air requirements were calculated, on the basis of no residual formaldehyde, by the equation
CHgO + 02= CO2 + HgO.
The reason for the poor recovery in Run 8 is unknown.
In order to achieve maximum recovery of acid in the condensate, supplemeixtary water was required to increase the condensate flow rate.
An alternate condenser design, not tested in these experiments, would be an up-draft condenser with additional water for scrubbing. In such a unit higher recovery at low condensate concentrations might be anticipated,but high condensate concentrations could only be obtained with low boilup rates.
Operational Behavior
The equipment was characterized by smooth, uneventful operation with a pressure drop from pot to packed tower effluent of the order one inch of water or less. Pressure fluctuations within a run were 0. 5 inch of water or less. With an absorber water flow rate of 200 ml/min the principal pressure drop (3. 5 inches of water) was across the absorber. When the absorber water flow rate was 100 ml/min the pressure drop across the absorber was lower (Run 8) because this rate was insufficient to maintain the normal liquid level on the absorber trays (the weep holes were too large). Prior to Run 8, high pot pressures (28 inches of water maximum) were encountered which were apparently caused by floods in the packed tower initiated by the packing support screen.
On the basis of Runs 11 and 11-A, the location of the formaldehyde entry point (above or below the liquid level) appeared to be unimportant to the operation. During Run 18, in which the methanol concentration of the formaldehyde was doubled, and unexplained pressure cycle was observed while formaldehyde was being fed to the vapor space. The pressure averaged 7. 5 inches of water with a cycle of ±2. 7 inches and a period of 
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about five minutes. Switching to the liquid phase feed point eliminated the cycling and reduced the average pressure to 5. 3 inches of water. No similar difficulty was observed during any of the other runs. Formaldehyde was normally fed to the vapor space to minimize the possibility that liquid from the reaction pot might be forced back through the formaldehyde feed line to the head tank in the event of maloperation.
Control of the degree of concentration in the pot was satisfactorily achieved by control of the pot temperature. The temperature rquired to yield a specified overflow concentration was sensitive to other operating variables however and had to be empirically determined for each set of conditions used. The pot temperature could be maintained within ± 0. 2 C.
An alternate control system is that in which the coil steam and boilup rate are controlled through the specific gravity of the overflow solution. Use of the specific gravity of the solution in the pot, as determined by dip tubes, for control of the coil steam was attempted during the present experiments. This simple method of detection was seriously affected by the large fluctuations in pot pressure encountered during the early runs however, and control was impossible. When the pot solution volume was reduced after Run 7, the upper specific gravity dip tube was uncovered and no alternate specific gravity meter was added since pot temperature had been found to provide adequate control. The relationship between degree of concentration and specific gravity of the cooled overflow solution is shown in Figure 6 . Within the limitations of the experimental precision, the points confirm the expected dependence of the solution specific gravity on the degree of concentration and the residual acidity. Control of the steam flow through a more refined specific gravity sensing element may result in a system less influenced by changes in process variables than the temperature control system used here.
Over-all material balances indicate a small loss of both nitrogen oxides and total volume. Since the acid absorber was relatively inefficient and oxides of nitrogen were visible in the stack off-gas, the loss of nitrogen was normally observed. Barton^ ' also observed a loss of about 15 per cent in volume, presumably because of the destruction of nitric acid (which he did not recover). In the present experiments, any volume loss attributable to the volume occupied by the nitric acid destroyed should be much reduced because of the recovery of most of the acid in the condensate. Condensate temperatures were sufficiently low to prevent loss of water as vapor and the loss of entrained condensate is unlikely in view of the low absorber acid concentrations obtained (about one molar). Error in measurements of the condensate flow rate is the most probable cause of the discrepancy.
Estimation of the residual free acid concentration in the product was very satisfactorily accomplished with the conductivity meter previously described. Figure 7 shows the data from both continuous and batch experiments. The conductivity bridge was difficult to read closely and it is likely that another bridge, specifically designed for high conductivities, would provide a better correlation. Conductivity measurements were very helpful for observing the approach to constant conditions during the pilot plant studies. They should prove equally valuable for monitoring or control in conjunction with production plant equipment.
The possibility of corrosion of stainless steel equipment was investigated by measuring the weight loss of two 304-L stainless steel coupons added to the pot before Run 8. They were removed at the end of the study after about 80 hours at 95 C or above (including five hours in Darex feed solution). They showed no evidence of attack and an insignificant increase in weight.
Batch IWW Denitration
Two experiments were performed to determine the formaldehyde utilization efficiency under batch conditions. For this purpose, the equipment was modified so solution from the pot could be routed through the conductivity meter, sampled and returned to the pot via the normal acid feed line. In each experiment formaldehyde was added continuously to fifteen liters of IWW held at 95 C. In the first experiment, the formaldehyde rate was 20. 5 ml/min and its flow was interrupted twice for half-hour periods to observe whether unreacted formaldehyde or formic acid was present in the solution. In the second experiment, formaldehyde was added at 40. 0 ml/min with no interruption. Solution from the pot was circulated through the conductivity meter and sampled at 30-and 15-minute intervals, respectively. Figure 8 shows the results for the second experiment. In each, the formaldehyde addition was stopped after the conductivity readings indicated the acid had been largely destroyed. The pot was allowed to simmer at 95 C for 30 minutes after the addition was completed, but little additional reaction took place. Sodium analyses indicated no significant volume change during the course of the reaction; the formaldehyde solution added exactly compensated for the volume loss due to nitrate destruction and evaporation. The over-all efficiency was respectively 1.81 and 1. 91 moles of nitrate destroyed per mole of formaldehyde reacted in the two experiments. There was essentially no change in efficiency during the course of the reaction until the acid concentration had been reduced to less than one molar free acid.
Darex Dissolver Solution Denitration
Two experiments, similar to the batch IWW denitration experiments just described, were performed to determine the feasibility of destroying nitric acid in Darex dissolver solution prior to solvent extraction. 
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It was butted to 6, 5 and 8. 6 molar free acid respectively with 60 per cent acid for the two experiments. Formaldehyde was added at about 40 ml/min to 15 liters of the resulting solution with the pot maintained at 95 C. After reaction, the volume in the pot was approximately 80 per cent of the initial volume. The over-all efficiencies were respectively 1. 77 and 1. 89 moles of nitric acid destroyed per mole of formaldehyde in the two experiments. The initial ratio was about 2.3. The final acidity was 0. 07 molar in both cases and the final formaldehyde concentration was 0. 20 and 0. 05 molar, respectively. The final solutions contained too little free acid to prevent precipitation. Earlier cessation of formaldehyde addition followed by a simmer period of about an hour should result in a stable product solution with a lower formaldehyde concentration. Approximately 50 per cent of the chloride disappeared from the pot in each experiment.
Conductivity measurements provided a convenient means of following the course of the reaction, however, the curve of resistance vs free acid concentration is appreciably different from that for IWW solutions as shown in Figure 7 .
Pressurization Tests
Tests to determine the maximum pressure which might be generated under abnormal conditions through operational error consisted of adding formaldehyde to a cold acidic solution followed by heating. The results obtained are given in Table II. The initial experiments, performed prior to the series of continuous denitration studies, were with nitric acid alone in the reaction pot. With two and five molar acid the maximum pressure increased with increasing acid and formaldehyde concentrations as would be expected from the (12 3) previous kinetic studies ^ ' ' '. The maximum pressure occurred during heating after the temperature had risen to 40 C or higher. The duration of the pressure surge was dependent on the total amount of reactants present. With 7, 7 molar acid the reaction began before the pot was heated and a high formaldehyde concentration could not be built up since it reacted HW-58587 as rapidly as it was added. In all the nitric acid tests a free space of about sixteen liters existed above the solution in the pot. The tower offgas system was the same as during the early runs reported above.
Immediately prior to Runs 13 and 14 formaldehyde was added to the product from the previous run in the reaction pot while at ambient temperature. Steam was then turned on to the coil and the maximum pressure observed. While the resulting pressures of 8, 4 and 12, 3 inches of water indicate a significant pressure surge can be produced by such maloperation, these values are not high enough to be alarming. The acid concentration in the pot prior to heating was 4, 0 and 3, 8 molar, respectively. Both feed acid and formaldehyde would, prior to heating, have to be added to the low-acid product normally present in the pot, in order to generate pressures of this magnitude. HW The results are shown in Figure 4 .
